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ABSTRACT

Information theory was used to qualify-the difficulty
of verbal discrimination (VD) learning tasks and to measure VD
. performance. Words for VD items were selected with high background
frequency and equal a priori probabilities of being selected as a
first response. Three VD lists containing only 2-, 3-, or u4-word
items were created and equated for information content at
approximately 20 bits. Lists were presented for 6 trials at 1.5 or
: : 3.0 sec. per item with 20 Ss per list. Only correct responses were .
b g reinforced. The uncertainty (H) in the response distribution was
Ok calculated for each item on each trial and summed for each list. The
H remaining after Trial 6 averaged over all 3-sec. conditions was 8.4
bits. For the 1.5-sec. conditions, it was 15.2 bits, indicating that
information was being processed at a constant rate. The amount of
information processed per trial was also constant for each list
condition, although differences among lists reached borderline
significance (p .05) at the 3-sec. rate. It appeared quite feasible
to apply information theory to VD learning as an ahsolute measure of
task difficulty and performance. (Author)

¢_(k
AR AA B RN A s i L e L




_éc

i
|

4

Ps 000 317

‘ o
g

R

e

§ FILMED FROM BEST AVAILABLE COPY

" INFORMATION ANALYSIS OF 2-, 3-, AND 4.WORD
VERBAL DISCRIMINATION LEARNING

JAMES K. ARIMA and FRANCIS D, GRAY
Naval Postgraduate School, Montercy, California

Information theory was used to quantify the difficulty of verbal discrimination (VD) learning tasks and measure
VD performance. ' N , . -

Method. Words for VD items were sclected with high background frequency and equal a prioti probabilities of
being sclected as a first response. Three VD lists containing only 2-, 3-, or 4-word items were created and equated for

information content at approximately 20 bits. Lists were presented for 6 trials at 1.5 or 3.0 sec. per item with 20 S's per
list. Only correct responses were reinforced. .

Results. ‘The uncertainty (i1) in the response distribution was calculated for each item on each trial and summed
for each list. The H remaining after Trial 6 averaged over all 3-sec. conditions was 8.4 bits. For the 1.5-sec. conditions,
it was 15.2 bits, indicating that information was being processed at a constant rate. The amount of information
processed per trial was also ‘constant for each list condition, although differences among lists reached borderline
significance (p < .0S) at the 3-sec. rate. '

Conclusions. 1t appeared quite feasible to apply information theory to VD learning as an absolute measure of task
difficulty and performance. ’
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An Information Analysis of 2-, 3=, and Li-Word
Verbal Discrimination Learning
James X, Arima and Francis D. Oray
Naval Postgraduate School
~ Underwood and Freund (1969) have shown that learning dirnc{nty

* waries as the number of choices in a verbal discrimination (VD) item

are varied uhen the total number of items in a list axe held constant.
Zacks (1969) hn demonstrated that the total learning time tends to be
invariant over varloua conditions of wractice for a fixed task load.

These ch_aractoriatica of VD leaming tasks would seem to have much in

. comnon with the information ana]yau of commmication tasks (Garner,
1962). That 18, the number of possible alternatives in any VD item

could be readily quantified in temms of the amount of information con=
tained in tho item if the expected relative froquency (a priord prcbas
bility) of choics of each woxrd could be identified. Tha total amount «i

" information in a list would then be the sum of the information contalned .

in each item of the 1ist. Similarly, the invariance of total loar.ing
time could be expressed quantitatively in information measurcs as - 7s
rato of information pmcessibg. .

The information analysis of VD items with more than two alter atives

- might also provide additional information over conventicnal mcthoc;r,- of

analysing VD learning, Conventicnal methods quite often use the purcent
of correct responses for analysis. Thie measure varies with the nuaber
of alternatives in an item, in additim to other aspects of the learning

. .situation, Information mea;uma, on the cther hend, could mvice &
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.absclute measure of learning that is ix;depondoj\t of the mmber of alternae
tives in a VD Stem. Thus, the purpose of this research was to show that
vurbal disc*ininauon lem'ning couid be quantified and ana]yzod using
information theory,
Hothod ,,
Three VD 1ists were constructed difforing on the basis of having
2=y 3=, or Leword items (figure 1), Within each item, the words were '
Insert figure 1 about here
i s
high in background frequency, had an equal & priord chance of being
selected on the first trial, and wers from similar or different catogories
for hal! tho items. The detormination of equal a priori probabilities

was baaed o backgronnd frequency of the words as suggested by the fre- *
| quency theory of VD learning of Ekstrand and Underwood (1966) and cone !
ﬁmd by exploratory testing. Backgtound frequency wes controlled by
using only AA and A words in the Thorndike and Lorge (15kh) norms. The
words wore aelocted froa'a the category norms of Battig and Hontague {1969).

Vords were selscted fo° similarity from the same category and for «ige

ainilarit.y from diffement categories. Since the choice of any clicrnative

was equally likely, the information cmten?. of any item was the lojarithm to

the base 2 of the nusber of choices. Accordingly, a 2-word itea had one :
 bit of information; a 3-word itom, 1,585 bitss and a Leword item, tWo bigs.. |
| The 2=, 3=, and Leword 1istas were then equated for total information
co.\ent at apﬂroxima‘bcly 20 bits by having 20, 12, end 10 Ltom- o 1liste
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Twenty different Naval Postgraduste School students were assigned to
each 11st end given six presentations of the list. Only correct answers
vore reinforced, thus providing one bit of information to the subject
regardless of tho number of words in the item. The lists were presented
at 1.5 secs. per item to half ths Ss in each 1list treatmont and at 3.0

' seca. to the other half., Interitex times were also 1.5 and 3.0 sccs.

Thus, item length and presontation rate were factarially combined and
sbdlarity was a nested varisble,

~_ Results
The percent of correct rospocnses are shown in table 1 and figure 2,

jpunt

Insort tablo 1 and-figure 2 about here
Analysis of variance showed lists, presentation rate, and trisls to be
significant at the .01 lovel and similority significant at the .05 levels -
. The raﬁ by trials interaction was significent at the 0L level, end list
by amllarlty', intoractions was significant at the 05 lovel. All Iindings
‘were in the expected direction; similarity, however, was facilitative in
caly the 3~ and keword 1ists.

The information analysis was canducted by first determining L 9
distribution of choices for each item on each trial. From thess G.strie
butions, the average uncertainty for each item, considerad as a :»=..3age
set, vas calculated, The item uncertainties wero then sunmad and sube

tracted from the original 20 bits to provide the amount of information

yot to be learned or transforred per trial. These uncertainties are

showm .1_n table 2 and firmure 3. A rank chi~=R0uare analvaisn of Vet 18

showed item length to be significant at the .05 level IiF iae Jev -2Ce
3w




condition but not for the 1,5 sec, condition. The uncertainty remaining
at trial six, averaged ovor the 1.5 soc. treatments was 15.2 bitsf the
abount remaining for the 3.0 B80C. treatnents was 8.4 bits. ; |

Inaerk. table 2 and figure 3 about here
-".';.--.'..__.'.--..---.‘------
Discussion and Conclusions
An snalysis of.the "percent correct” responses showed significant
differences tar iton lgngth, rate of preaentat;ion, ard similarity. levere
theless, the infornmation measure could be used to produce approximstely
equal {nformstion transfer among the lists and an approximately c-nstant
rate of information transfer for two presentation rates difforing by a
factor of two, The borderline siznificance of 1@ long;.h in the 3.0
sec. treatment suggests that a unifora presentation rate por item for all
item longths may have resulted in & more difffcult informaticn processing
‘task for itexs with more words. , C
It appears tht;t informatim theory cembo used to quaﬁtﬂ’:‘y tho
difficulty of a VD learning task. This capability, when fully developed
and generalized, could have many 9ppucutima in both applied and :asearch

settitigs by providing an absadlute measure of tho difficulty of a l-arning

or 't,raming task or.the information processing abilities of individuals.
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'I'able 1l

Percent of Correct Responses per Irial

by Item Length and Presentati-n Rate

¢ eabee o

rrial 4-Words 3=-Words 2-Words
1.5-Sec. 3-Sec. - 1l.5-Sec. 3-Sec. 1l.5-Sec. 3-Sec.
1 29.0 30.0 33.3  34.1 . 48.5 46.5
: 2 28.0  41.0  43.3  46.7  54.0  64.5
) 37 32,0 42.0 © 41.7 65.0 55.0  76.0
i N
; 4 34.0 55.0 55.0  65.0 64.5 79.0
i 5 42.0 62.0  50.8  73.3 66.0 83.5
| 6 40.0 69.0 60.0 82.5 .76.0 87.5
? ‘“m. e
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&
. Table 2
| Uncertainty Remaining per Trial by Item
: . Length and PresentatiT Rate
4 .
| . ) 4-Words - 3-Words 2-Words
] ‘ Trial
P . * 10 S-Seco 3"Sec. 10 S-Sec. 3,-Sec. 10 S-Sec. 3"Sec.
) : : . i
R 1 16.9 17.0 18.2 17.5 18.2 18.4
; 2 18,0  17.8  16.9  16.3  18.6 - 17.4
! 3 17.3 16.9 16.5 13.3 18.4 13.0
; 4 17.1 14.1 15.6 13.2 15.9 12.6
~% 5 17.1  13.5  15.6  11.5  16.0  10.7
I 6 16.6 10.3 - 15.0 7.1 14.0 8.2
. :'j; Y
2
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Figure Captions

Fige 1. Word 1lists for 2, 3-, and L-word treatments. The first

word in each item vas used as the correct response. Dissimilar items

are denoted with an asteriak. |

‘ Fig. 2. Percent correct responses by treatment and presentation

time, | ‘
Fige 3. Uncertainty remaining per trial for each treat;mnt. and

pressntation time, - ‘ e
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mirder
apple
iron
tea
table
mother
cat
.eye
foot
corn

"door .

‘brother

green
. lake .
\, cotton

* apple

iron
eye
minute
hill
boat
nail:

' mother

door
eye
swim
yard
yellow
lake
cotton
cat

year

Ce

Two-ﬁbrd Treatments

wine¥*
river*
yard* -
coffee
chair
father
dog
head
mile
bean

Three-Word Treatment

Juice
book
nail
t.emple
cotton
bus
water
car
red
hour

temple

.mother

blue
book
hours
knife
yard
head
hour
river
train
oil

Four-Word Treatment

sister
private
foot
nail
doctor
blue
rock
salt
murder
minute

brother
temple
nose
wine
iron
green
river
house
knife
hour

doll*
lake*
swim¥
zock*
salt*
gun*
doox*
train
blue
minute

water*

" father

red
table*
salt¥
cat*

-doctor*

foot
second
rock
car
swim#*

father
water*
head
oil#*
book*
red
hill
table*
apple*
second
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ADDENDUM

The study was redone with a constent presentaticn rate (two
rates) over the item types as shown in the table below. The ti-e

intervals are in seconds., FEach presentation had an item (stimulus)

) presentation time interval, as shown, followed by a blank interval

of equal length., For exanple, for the 2-word item, the item was
presented for l-sec. followed by a 1-sec. blank interval, making
the interstimulus intervel two seconds and making the stimalus
presentation rate }z-bit/sec,

The. graph on the next page shows the uncertainty remaining
after each of eight trials for the 2-, 3-, and L-word conditions
summed over the two presentation rates. .There is no difference
in the list or list by trials effects, and we have shown that we
can take VI items of different lengtﬁs, made into lists of different
lengths, and presented at different time intervals ner item and have

them all show the same infcrmation processing rate,

- TIME _IRTERVALS FOR ITEM PRESENTATION

ITEM PRESENTATION RATE
T % BITS/SEC 4 BITS/SEC ‘
2-WOHD 1.0 2.6
34¥ORD 1.6 3.2
4-WORD - 2,0 . 4.0 .
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